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Abstract
Some populations quickly adapt to strong and novel selection pressures caused by 
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these costs is important if we want to understand the evolution of resistance to anŊ
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lations that have evolved in the different environmental conditions. Our results 
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uranium and the salt environments compared to populations adapted to constant 
uranium or salt environments. Our results show that adaptive evolution to a particuŊ
lar stressor can lead to either adaptive costs or benefits once in contact with another 
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stressors was associated with additional adaption costs. This study highlights the 
need to incorporate adaptive cost assessments when undertaking ecological risk asŊ
sessments of pollutants.
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have increased in frequency and intensity throughout the world as the 
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be critical for the conservation of natural populations in the future 
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ation should allow populations to quickly adapt to severe and novel 
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changes in response to selection in a given environment can happen 
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pothesized to come with a cost that constrains future evolutionary 
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gies in response to a novel environment may not confer a selective 
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has adapted to a particular stressor has to deal with another novel 
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ence of other stressors. Results failing to show costs to alternative 
environments have been attributed to the difficulty in statistically deŊ
tecting antagonistic pleiotropy or to the choice of the environmental 
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they occur.
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populations adapt to a temporally heterogeneous environment and 
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Caenorhabditis elegans is a good metazoan model and is widely used 
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assumed that a reduction of early fertility with an increase in late ferŊ
tility was an indicator of a longer generation time and conversely that 
an increase in early fertility and decrease in late fertility revealed a 
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life of each hermaphrodite as the sum of early and late brood size. 
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periments or between the treatment and the transplant environment 
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of food supplied and the measurements are available in our previous 
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data were used to test for the effects of the transplant environment 
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to zero. These two models differ in the fact that the traits are assumed 
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we rescaled the traits prior to analysis by subtracting each value from 
the mean of the sample and dividing it by twice the standard deviation 
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where Vp is the phenotypic variance and k is the dimension of VŐ;ĺ]ĺķ
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of the trait for the two conditions overlapped 0.
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which suggested that the sampling of the founder individuals in the 
different populations was random.
ƒĺƐՊ|Պ";Ѵ;1|bom;r;ubl;m|
$_;0;v|Ŋ=b||bm]lo7;Ѵ =ou =b|m;vv bm1Ѵ7;7 |_; bm|;u-1|bom 0;|;;m
;mbuoml;m|-m7];m;u-|bomķ_b1_7;v1ub0;7|_;1_-m];vbm=b|m;vv
o;u|bl;-m7|_;buu;Ѵ-|bomv_brb|_r-u|b1Ѵ-u;mbuoml;m|vŐ$-0Ѵ;Ɛőĺ
b|m;vv7b7mo|1_-m];vb]mb=b1-m|Ѵo;u|bl;bm|_;1om|uoѴ;mbuomŊ
l;m| Ő=b|m;vv bm -| ];m;u-|bom ƐĹ ƐѶƓĺƖb|_ ƖƔѷ	 = ŒƐƕƐĺƐĸ
ƐƖƕĺƓœķ =b|m;vv bm-|];m;u-|bomƓlbmv];m;u-|bomƐĹƓĺƒ ŒƴƐƖĺƑĸ
ƐƖĺƖœ-m7ƑƑlbmvƓĹƴƐƏĺƔ ŒƴƑѵĺƏĸƐƑĺƒœĸb]u;Ɛőĺ m1om|u-v|ķ bm
|_;roѴѴ|;7;mbuoml;m|vķrorѴ-|bomvv_o;7-7;1u;-v;bm=b|m;vv
-|];m;u-|bomƐŐ=b|m;vv0;|;;m|u;-|l;m|vķlbmv&ĹƴƐƐѶĺƖb|_
ƖƔѷ	 = ŒƴƐƒƔĺƖĸƴƖƖĺƒœķlbmv-ѴĹƴƐƔѵĺƐŒƴƐƕƑĺƑĸƴƐƒƒĺѵœķ
lbmv&ņ-ѴĹƴƐƔƓĺƏŒƴƐƕƓĺѵĸƴƐƒѵĺƕœőķ=oѴѴo;70-v|uom]bmŊ
1u;-v;bm=b|m;vvo;u|bl;Őb]u;Ɛőĺ!;vr;1|b;Ѵbm|_;u-mblķv-Ѵ|
-m7-Ѵ|;um-|bm]|u;-|l;m|vķ|_;]-bmv0;|;;m];m;u-|bomvƓ-m7ƑƑ
;u;ƐƕĺƒŒƏĺƑĸƒѵĺƏœķƑѵĺƖŒƖĺѵĸƓƕĺƕœķƑƕĺƖŒƐƏĺƒĸƓѵĺƓœĺ
ƒĺƑՊ|ՊollomŊ]-u7;m;r;ubl;m|v
;|;;m |_; v11;vvb;  ;r;ubl;m|vķ ; o0v;u;7 r_;mo|rb1
1_-m];v bm _;ul-r_uo7b|; -m7 l-Ѵ; |u-b|v o;u |bl; Őb]u;Ƒ -m7
$-0Ѵ;Ƒőĺou_;ul-r_uo7b|;|u-b|vķ|_;0;v|Ŋ=b||bm]lo7;Ѵbm1Ѵ7;7-m
interaction between treatment and generation and showed that there 
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Ő1om|uoѴķu-mblķv-Ѵ|ou-Ѵ|;um-|bm]&ņ-Ѵ|u;-|l;m|őķ];m;u-|bom
ŐƐv|ķƓ|_-m7ƑƑm7];m;u-|bomő-m7|_;bubm|;u-1|bomķbm-v;Ѵ;1|bom
;r;ubl;m|
Effect included within the model 	 Δ	
ou_;ul-r_uo7b|;=b|m;vv
 712.809 
mbuoml;m| 677.319 ƴƒƔĺƓƖƏ
mbuoml;m|Ƴ];m;u-|bom 652.104 ƴƑƔĺƑƐƔ
Environment × generation 622.449 ƴ29.655
!;rѴb1-|;v;==;1|ĹƏĺƏѷ
$_;|o|-Ѵ-ub-m1;r;u1;m|-];o==b|m;vv;rѴ-bm;70u;rѴb1-|;u-m7ol;=Ŋ
fects is shown at the bottom of the table. The retained model is in bold.
$ ƑՊolr-ubvomŐ7;b-m1;bm=oul-|bom1ub|;ubomő0;|;;m
lѴ|b-ub-|;lb;7lo7;Ѵv=ou_;ul-r_uo7b|;|u-b|vŐ|o|-Ѵķ;-uѴ-m7
Ѵ-|;=;u|bѴb|ķ-m7]uo|_őoul-Ѵ;|u-b|vŐ]uo|_-m70o70;m7
=u;t;m1ől;-vu;7bm1ollomŊ]-u7;m;r;ubl;m|vbm-1om|uoѴ
;mbuoml;m|-|];m;u-|bomvѵķƖķƐƑķƐƔ-m7ƐѶ
Effect included within the 
model 	 Δ	
ou_;ul-r_uo7b|;|u-b|v
 ƴƕƏƓĺѶƑƖ 
Treatment ƴƕƑƐĺƒƔƒ ƴƐѵĺƔƑƓ
$u;-|l;m|Ƴ];m;u-|bom ƴƕƒƖĺѵƑƒ ƴƐѶĺƑƕƏ
$u;-|l;m|Ƶ];m;u-|bom ƴ744.419 ƴ4.796
Treatment × ];m;u-|bomŐmo
1oő
1585.925 2330.344
oul-Ѵ;|u-b|v
 1046.823 
Treatment environment 1041.722 ƴƔĺƐƏƐ
$u;-|l;m|Ƴ];m;u-|bom 1023.955 ƴ17.767
Treatment × generation 1025.881 1.926
Treatment × ];m;u-|bomŐmo
1oő
1024.779 ƴƐĺƐƏƑ
!;rѴb1-|;v;==;1|ĹƑĺƒѷŐ_;ul-r_uo7b|;vő-m7ƑĺƏѷŐl-Ѵ;vő
$u;-|l;m| bv |_;;mbuoml;m| bm_b1_ |_;rorѴ-|bom_-v;oѴ;7 Őbĺ;ĺķ
1om|uoѴķu-mblķv-Ѵ|ou-Ѵ|;um-|bm]&ņ-Ѵ|u;-|l;m|őĺ$_;|o|-Ѵ-ub-m1;
r;u1;m|-];o=-|u-b|;rѴ-bm;70u;rѴb1-|;u-m7ol;==;1|vbvv_om-||_;
bottom of the table. The retained models are in bold.
ѶƓƓՊ|ՊՊՍ DUTILLEUL ET AL.
"Ƒőouomv;u-|boŐ7-|-mo|v_om=ou|_;;r;ubl;m|v0|v;;b]ĺ
ƒ-m7$-0Ѵ;ƒbmrr;m7b"ƒ=ou|_;!$;r;ubl;m|őĺ
ƒĺƒՊ|Պ!;1bruo1-ѴŊ|u-mvrѴ-m|;r;ubl;m|
$_;0;v|Ŋ=b||bm]lo7;Ѵ=ou_;ul-r_uo7b|;|u-b|vbm1Ѵ7;7-mbm|;u-1|bom
between the treatment and the novel environment and showed that 
|_;u;-v1o-ub-m1;0;|;;m|u-b|vŐ$-0Ѵ;ƒőĺ$_;;mbuoml;m|bm_b1_
|_;rorѴ-|bomv_-7ru;bovѴ;oѴ;7bm=Ѵ;m1;7|u-b|;ru;vvbombm|_;
mo;Ѵ;mbuoml;m|ĺ$_;u;vѴ|vv_o;7|_-||o|-Ѵ=;u|bѴb|=ou|_;&-m7
-Ѵ |u;-|l;m| rorѴ-|bomv -v 7b==;u;m| Őb]u;ƒ- -m7 $-0Ѵ;Ƒ bm
rr;m7b"Ƒőĺm|_;|u-mvrѴ-m|-Ѵ;mbuoml;m|ķ-ѴrorѴ-|bomv_-7
_b]_;u|o|-Ѵ=;u|bѴb|-Ѵ;v|_-m|_;Ő|o|-Ѵ=;u|bѴb|bmlbmvbm-ѴĹ
ƴƏĺƑƓƓb|_ƖƔѷ	 = ŒƴƏĺƒƕƐĸƴƏĺƏѵƕœő-m7&Ő|o|-Ѵ=;u|bѴb|bm&lbmv
bm-ѴĹƴƏĺƐƓƏb|_ƖƔѷ	 = ŒƴƏĺƒƐƔĸƴƏĺƏƐƏœőrorѴ-|bomvĺm|_;
|u-mvrѴ-m|&;mbuoml;m|ķ |_;-ѴrorѴ-|bomvv_o;7- Ѵo;u|o|-Ѵ
=;u|bѴb||_-mķ&-m7&ņ-ѴrorѴ-|bomvŐu;vr;1|b;Ѵ|o|-Ѵ=;u|bѴb|bm
lbmvbm-Ѵķ&lbmv-Ѵ-m7&ņ-Ѵlbmv-ѴĹƏĺƑƏƖb|_ƖƔѷ
	 = ŒƏĺƏѶƑĸƏĺƒѶƔœķƏĺƒƏƖŒƏĺƐƒƖĸƏĺƓƒѵœ-m7ƏĺƐƔƖŒƏĺƏƏѵĸƏĺƒƐѶœőķ
but there were no differences between these other three population 
|r;vĺ$_;v-l;r-||;um-v=om7=ouѴ-|;=;u|bѴb|bm|_;|u-mvrѴ-m|-Ѵ
;mbuoml;m|ķ0| bm |_; |u-mvrѴ-m|&;mbuoml;m| |_;omѴvb]mb=b1-m|
7b==;u;m1;-v|_;Ѵo;uѴ-|;=;u|bѴb|=ou-ѴrorѴ-|bomv1olr-u;7|o
rorѴ-|bomvŐb]u;ƒ7-m7$-0Ѵ;Ƒbmrr;m7b"Ƒőĺm|_;|u-mvrѴ-m|&
;mbuoml;m|ķ;-uѴ=;u|bѴb|-vѴo;u=ou-ѴrorѴ-|bomvŐ;-uѴ=;u|bѴb|
bmlbmvbm-ѴĹƏĺƐƐƒb|_ƖƔѷ	 = ŒƏĺƏƒƐĸƏĺƑƐƏœőķbm|;ul;7b-|;
=ourorѴ-|bomv-m7_b]_;u=ou&rorѴ-|bomvŐ;-uѴ=;u|bѴb|bmlbmv
bm&ĹƴƏĺƐƓƒb|_ƖƔѷ	 = ŒƴƏĺƑƒƓĸƴƏĺƏƓƕœĸb]u;ƒ1-m7$-0Ѵ;Ƒ
bmrr;m7b"Ƒőĺm1om|u-v|ķ bm|_;|u-mvrѴ-m|-Ѵ;mbuoml;m|ķ;-uѴ
=;u|bѴb|-vѴo;ubmrorѴ-|bomv|_-mbm-Ѵķ&-m7&ņ-ѴrorѴ-Ŋ
|bomvŐu;vr;1|b;Ѵķ;-uѴ=;u|bѴb|bmlbmvbm&ķlbmv--m7lbmv
&ņ-ѴĹ ƴƏĺƐƐƔ b|_ ƖƔѷ	 = ŒƴƏĺƑƒƐĸ ƴƏĺƏƓƏœķ ƴƏĺƐƏƏ ŒƴƏĺƐƕƒĸ
ƏĺƏƐƑœ0-u;Ѵo;uѴ-rr;7Ə-m7ƴƏĺƑƐƓŒƴƏĺƑƖƔĸƴƏĺƐƐƒœőĺorѴ-|bomv
|_-|_-7;oѴ;7bm|_;&ņ-Ѵ;mbuoml;m|v_o;7_b]_;u=;u|bѴb||_-m
-ѴrorѴ-|bomvbm|_;|u-mvrѴ-m|&;mbuoml;m|Ő|o|-Ѵ=;u|bѴb|bm-Ѵ
lbmvbm&ņ-ѴĹƴƏĺƐƔƖb|_ƖƔѷ	 = ŒƴƏĺƒƐѶĸƴƏĺƏƏѵœő-m7|_-m
& rorѴ-|bomv bm |_; |u-mvrѴ-m|-Ѵ ;mbuoml;m| Ő|o|-Ѵ =;u|bѴb| bm&
lbmvbm&ņ-ѴĹƴƏĺƒƑƓb|_ƖƔѷ	 = ŒƴƏĺƓƕѶĸƴƏĺƐƕƕœőĺm0o|_|_;
|u-mvrѴ-m|&-m7-Ѵ;mbuoml;m|vķ_;ul-r_uo7b|;]uo|_-v_b]_;u
bm&-m7&ņ-ѴrorѴ-|bomv|_-mbmrorѴ-|bomv-m7;;m_b]_;u|_-m
bm-ѴrorѴ-|bomvbm|_;|u-mvrѴ-m|-Ѵ;mbuoml;m|Őb]u;ƒ0-m7
$-0Ѵ;Ƒbmrr;m7b"Ƒőĺ
$_;0;v|Ŋ=b||bm]lo7;Ѵ =oul-Ѵ; |u-b|v bm1Ѵ7;7-m bm|;u-1|bom0;Ŋ
|;;m|_;|u;-|l;m|-m7|_;mo;Ѵ;mbuoml;m|ķ0||_;u;-vmo1oŊ
-ub-m1;0;|;;m|u-b|vŐ$-0Ѵ;ƒőĺm|_;|u-mvrѴ-m|&;mbuoml;m|ķ-Ѵ
rorѴ-|bomv_-7 Ѵo;u0o70;m7=u;t;m1b;v |_-mķ&-m7&ņ-Ѵ
rorѴ-|bomvķ0||_;u;;u;mo7b==;u;m1;v0;|;;m|_;v;o|_;u|_u;;
rorѴ-|bom|r;v Őb]u;ƒ;-m7$-0Ѵ;Ƒ bmrr;m7b"Ƒőĺ$_;u;-v
mo7b==;u;m1;bm0o70;m7=u;t;m1ouv;u-|bo0;|;;m|_;7b==;uŊ
;m||r;vo=rorѴ-|bombm|_;|u-mvrѴ-m|-Ѵ;mbuoml;m|Őb]ĺƒbm
rr;m7b"ƒőĺm0o|_|_;|u-mvrѴ-m|-Ѵ-m7&;mbuoml;m|vķ&rorŊ
Ѵ-|bomvruo71;7 Ѵ-u];ul-Ѵ;v|_-mķ-Ѵ-m7&ņ-ѴrorѴ-|bomv
Őb]u;ƒ=-m7$-0Ѵ;Ƒbmrr;m7b"Ƒőĺ;u-ѴѴķ|_;1om|uoѴrorѴ-|bomv
ruo71;7|_;vl-ѴѴ;v|l-Ѵ;v_;m;rov;7|o|_;-Ѵ;mbuoml;m|ĺ
 &! ƐՊb|m;vvŐbĺ;ĺķ|o|-Ѵ=;u|bѴb| × vub-Ѵőo=_;ul-r_uo7b|;
Caenorhabditis elegansķbm|_;bu1uu;m|;mbuoml;m|ķ-|];m;u-|bomv
ƐķƓ-m7ƑƑbm|_;v;Ѵ;1|bom;r;ubl;m|ĺ"l0oѴvu;ru;v;m|l;-mv
-m7v|-m7-u7;uuouvo=|_;|u-b|o;u|_;vbu;rѴb1-|;7rorѴ-|bomvbm
;-1_|u;-|l;m|Ő1om|uoѴ = ;lr||ub-m]Ѵ;ķu-mbl = =bѴѴ;70Ѵ-1h7o|vķ
salt = ;lr|7o|vķ-Ѵ|;um-|bm]&ņ-Ѵ|u;-|l;m| = =bѴѴ;7]u;7o|vőĺm
|_;-Ѵ|;um-|bm]&ņ-Ѵ|u;-|l;m|ķrorѴ-|bomv;u;;rov;7|o-Ѵ
;;uo77];m;u-|bomŐbĺ;ĺķ];m;u-|bomƐ_;u;ő
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$ ƒՊolr-ubvomŐ7;b-m1;bm=oul-|bom1ub|;ubomő0;|;;m
lo7;Ѵv=ou_;ul-r_uo7b|;|u-b|vŐ|o|-Ѵķ;-uѴ-m7Ѵ-|;=;u|bѴb|ķ-m7
]uo|_őoul-Ѵ;|u-b|vŐ]uo|_-m70o70;m7=u;t;m1ől;-vu;7
bm|_;u;1bruo1-ѴŊ|u-mvrѴ-m|;r;ubl;m|-|];m;u-|bomƐѶ
Effect included within the 
model 	 Δ	
ou_;ul-r_uo7b|;|u-b|v
 ƴѵƔƓĺƓѵƓ 
Transplant environment ƴƐƐƏƐĺƖƐƑ ƴƓƓƕĺƓƓѶ
Transplant 
;mbuoml;m|Ƴ|u;-|l;m|
ƴƐƐƐƕĺƓƏƑ ƴƐƔĺƓƖƏ
$u-mvrѴ-m|
environment × treatment
ƴ1172.517 ƴ55.115
Transplant environŊ
ment × |u;-|l;m|Őmo1oő
ƴƑĺѵƖƖ 1169.818
oul-Ѵ;|u-b|v
 600.821 
Transplant environment 422.846 ƴƐƕƕĺƖƕƔ
Transplant 
;mbuoml;m|Ƴ|u;-|l;m|
401.901 ƴƑƏĺƖƓƔ
Transplant 
environment × treatment
378.241 ƴƑƒĺѵѵƏ
$u-mvrѴ-m|;mbuomŊ
ment × treatment (no cov)
376.365 ƴ1.876
!;rѴb1-|;v;==;1|ĹƔĺƑѷŐ_;ul-r_uo7b|;vő-m7ƒĺƏѷŐl-Ѵ;vő
$u;-|l;m| bv |_;;mbuoml;m| bm_b1_ |_;rorѴ-|bom_-v;oѴ;7 Őbĺ;ĺķ
1om|uoѴķu-mblķv-Ѵ|ou-Ѵ|;um-|bm]&ņ-Ѵ|u;-|l;m|őķ-m7|u-mvrѴ-m|;mŊ
vironment corresponds to the environment to which the populations were 
|u-mvrѴ-m|;7ĺ$_;|o|-Ѵ-ub-m1;r;u1;m|-];o=-|u-b|;rѴ-bm;70u;rѴb1-|;
random effects is shown at the bottom of the table. The retained models 
are in bold.
ՊՍՊ |ՊѶƓƔDUTILLEUL ET AL.
ƓՊ |Պ	"&""
);=om7|_-|C. elegans populations could rapidly adapt to both the 
u-mbl -m7 v-Ѵ| ;mbuoml;m|v Ő=b|m;vv bm1u;-v;7 0;|;;m ];m;u-Ŋ
|bomƓ-m7|_;;m7o=|_;v;Ѵ;1|bom;r;ubl;m|Ĺb]u;Ɛ-m7$-0Ѵ;Ɛőĺ
7-r|-|bom |o u-mbl ou |o v-Ѵ|-v -vvo1b-|;7b|_ vol; =b|m;vv
1ov|vķ-vv_om0|_;bu Ѵo;u=;u|bѴb|-Ѵ;v1olr-u;7|o|_;1omŊ
|uoѴ rorѴ-|bomv Őbĺ;ĺķ bm|o |_; u-mbl;mbuoml;m| =ou-Ѵ rorŊ
Ѵ-|bomvĹ b]u;ƒ-ķ 1 -m7$-0Ѵ;Ƒ bmrr;m7b "Ƒĸ bm|o |_; oub]bm-Ѵ
;mbuoml;m| =ou & -m7 -Ѵ rorѴ-|bomvĹ b]u;Ƒ-ķ 1 -m7 $-0Ѵ;
Ɛ bmrr;m7b"Ƒőĺo;;uķ -7-r|-|bom1ov|v7b7mo| v;;l|o0;
vv|;l-|b1ķ -m7 -7-r|-|bom |ou-mbl-rr;-u;7 |o0;0;m;=b1b-Ѵ bm
|_;-Ѵ;mbuoml;m|Őb]u;ƒ0ķ1ķ=-m7$-0Ѵ;Ƒbmrr;m7b"Ƒőĺ
u|_;ulou;ķ-7-r|-|bom|o|_;-Ѵ|;um-|bm];mbuoml;m|-rr;-u;7|o
confer similar or even higher trait values than those for populations 
|_-|_-7;oѴ;7bmu;vromv;|oomѴom;|r;o=v|u;vvouŐb]u;ƒ-
-m7$-0Ѵ;Ƒbmrr;m7b"Ƒőĺ$_;v;u;vѴ|vbm7b1-|;|_-|-7-r|-|bom
to different environments can lead to both fitness costs and beneŊ
=b|vĺbm-ѴѴķb|_omѴom;;r;ubl;m|ķ;oѴ7_-;lbvv;7|_;
genetic differentiation in fertility in the salt compared to the control 
environment or in growth in the uranium compared the control enŊ
buoml;m| Őb]u;Ƒ-ķ0-m7$-0Ѵ;Ɛ bmrr;m7b"Ƒőĺ$_;-0v;m1;
of evidence for genetic differentiation between populations at one 
r-u|b1Ѵ-u|bl;ķ-vbv];m;u-ѴѴ7om;b|_m-|u-ѴrorѴ-|bomvķ7o;vmo|
guarantee that the two populations are not actually diverging: only 
u;r;-|;7;r;ubl;m|v1-mv_o|_;7m-lb1vo=];m;|b17b==;u;mŊ
tiation over time.
ƓĺƐՊ|Պb=;_bv|ou-m7=b|m;vvu;vromv;v|o7b==;u;m|b-Ѵ
selection pressures
The populations subjected to each of the three polluted environments 
showed a strong decrease in fitness during the first generations and 
-=-v|bm1u;-v;-=|;u-u7vŐb]u;Ɛ-m7v;;	|bѴѴ;Ѵ;|-ѴĺķƑƏƐƓ=ou
 &! ƑՊCaenorhabditis elegans 
|u-b|vbm-momroѴѴ|;71ollomŊ]-u7;m
;mbuoml;m|;r;ubl;m|ĺ!;vromv;v
were measured every three generations 
beginning at generation 6 of the selection 
;r;ubl;m|ĺ$u-b|vl;-vu;7bm1Ѵ7;
=ou_;ul-r_uo7b|;vĹŐ-ő|o|-Ѵ=;u|bѴb|ķŐ0ő
]uo|_ķŐ1ő;-uѴ=;u|bѴb|ķŐ7őѴ-|;=;u|bѴb|
-m7=oul-Ѵ;vĹŐ;ő0o70;m7-m7Ő=ő
growth. Symbols represent means and 
standard errors for three randomly 
sampled individuals from each of the 
vbu;rѴb1-|;vŐ|o|-ѴƐѶbm7bb7-Ѵvr;u
|u;-|l;m|őĺ$u-b|v;u;u;v1-Ѵ;7rubou|o
analysis by subtracting each value by the 
mean of the sample and dividing it by 
twice the standard deviation. Regression 
lines correspond to the intercept and the 
slope posterior modes for each treatment 
distribution: control = small dashed 
Ѵbm;ķu-mbl = 0Ѵ-1hѴbm;ķv-Ѵ| = large 
7-v_;7Ѵbm;-m7-Ѵ|;um-|bm]&ņ-Ѵ
treatment = grey line
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ѶƓѵՊ|ՊՊՍ DUTILLEUL ET AL.
lou;u;vѴ|vom|_;v;Ѵ;1|bom;r;ubl;m|vőĺ	b==;u;m1;vbm|_;vѴor;v
o=|_;|u-b|-Ѵ;vb|_];m;u-|bombm|_;v11;vvb;;r;ubl;m|v
u;;-Ѵ;7 ;oѴ|bom-u Őbĺ;ĺķ ];m;|b1ő u;vromv;v |o |_; |_u;; roѴѴ|;7
;mbuoml;m|vŐ$-0Ѵ;Ɛbmrr;m7b"Ƒőĺuu;vѴ|v-Ѵvobm7b1-|;|_-|
populations responded to the different stressors with different life 
history adaptations.
m u;vromv; |o v-Ѵ| ;rovu;ķ -m ;|u;l; _r;u|omb1 v|u;vvķ
C. elegans regulates the rapid loss of water and solute content in its 
cells by synthesizing glycerol through transcriptional upregulation 
o=-m;ml;Ő]r7_ŊƐőbm|_;bm|;v|bm;-m7_ro7;ulbvķ|o|bvv;v
|_-|-u;0o|_bm7bu;1|1om|-1|b|_|_;;|;um-Ѵl;7blŐ-lb|bm-ķ
-m]ķş"|u-m];ķƑƏƏѵĸ-lb|bm-;|-ѴĺķƑƏƏƓőĺ mou;r;ubl;m|ķ
C. elegans populations responded to salt by reducing early and total 
=;u|bѴb| Őb]u;Ƒőķ |_;u;0 ruo71bm] bm7bb7-Ѵv b|_ Ѵom];u Ѵb=;
11Ѵ;v-m7 Ѵo;u =;u|bѴb|ĺou;o;uķ-ѴrorѴ-|bomv v_o;7 u;Ŋ
duced survival compared to both uranium and control treatments 
Őv;;b]ĺ-m7$-0Ѵ;Ƒbmrr;m7b"ƒőĺomv;t;m|Ѵķvub-Ѵl-
be more essential than the rapid production of a large number of 
;l0uov=ou|_;-ѴrorѴ-|bomvŐ;ĺ]ĺķ-mbm1u;-v;bml-bm|;m-m1;
costs because energy is diverted from reproduction towards water 
u;]Ѵ-|bomőĺ
&u-mbl rorѴ-|bomv v_o;7 vub-Ѵ vblbѴ-u |o 1om|uoѴ rorѴ-Ŋ
|bomvķ|_uo]_o||_;v;Ѵ;1|bom;r;ubl;m|Őv;;	|bѴѴ;Ѵ;|-ѴĺķƑƏƐƓőķ
-m7bm|_;!$;r;ubl;m|Őb]ĺ-m7$-0Ѵ;Ƒbmrr;m7b"ƒőĸ_oŊ
;;uķ=;u|bѴb|-m7]uo|_o=&ou&ņ-ѴrorѴ-|bomvv_o;7-v|uom]
7;1Ѵbm;bm|_;=buv|;r;ubl;m|ĺo;;uķ|_bv7;1Ѵbm;-v=oѴѴo;7
0-m;oѴ|bom-ubm1u;-v;bm=;u|bѴb|Őbmr-u|b1Ѵ-u;-uѴ=;u|bѴb|ő-m7
]uo|_bm Ѵ-|;u;r;ubl;m|vŐb]u;Ƒőĺ)_;m|u-mvrѴ-m|;7|o;bŊ
|_;u|_;u-mblouv-Ѵ|;mbuoml;m|vķ|_;&rorѴ-|bomv]u;=-v|;u
|_-m|_;1om|uoѴ-m7-ѴrorѴ-|bomvŐb]u;ƒőĺ$ovll-ub;ķu-Ŋ
mblv;Ѵ;1|v=ou=-v|]uo|_ķ_b]_;-uѴ=;u|bѴb|-m7|_v-=-v|];m;uŊ
ation time. Growing faster and becoming larger may allow individuals 
 &! ƒՊ;u-];|u-b|v-Ѵ;vbm|_;
u;1bruo1-ѴŊ|u-mvrѴ-m|;r;ubl;m|ĺ;u-];
-Ѵ;v-m7|_;buv|-m7-u7;uuouvŐn = 18 
bm7bb7-Ѵvő=ourorѴ-|bomv;oѴ;7o;u
18 generations in four different treatments 
Ő1om|uoѴķ&ķ-Ѵ-m7-Ѵ|;um-|bm]&ņ-Ѵő
and then assessed in environments that 
_-;0;;mroѴѴ|;70;b|_;u&ŐxŊ-bvőou
-ѴŐyŊ-bvőĺ$_;v;|u-mvrѴ-m|vo11uu;7bm
|_;u;1bruo1-ѴŊ|u-mvrѴ-m|;r;ubl;m|-m7
at generation 18 of the multigeneration 
;r;ubl;m|ĺ$u-b|vŐu;v1-Ѵ;7rubou|o-m-Ѵvbv
by subtracting each value by the mean of 
the sample and dividing it by twice the 
v|-m7-u77;b-|bomő;u;l;-vu;7-=|;u
individuals had spent three generations in 
|_;mo;Ѵ;mbuoml;m|Őbĺ;ĺķ|_;];m;u-|bom
Ɠőĺ$u-b|vĹ|o|-Ѵ=;u|bѴb|Ő-őķ_;ul-r_uo7b|;
]uo|_Ő0őķ;-uѴ=;u|bѴb|Ő1őķѴ-|;=;u|bѴb|
Ő7őķl-Ѵ;0o70;m7Ő;őķl-Ѵ;]uo|_
Ő=őĺ$u;-|l;m|Ĺ1om|uoѴ = ;lr||ub-m]Ѵ;ķ
uranium = =bѴѴ;70Ѵ-1h7o|vķv-Ѵ| = empty 
7o|vķ-Ѵ|;um-|bm]&ņ-Ѵ|u;-|l;m| = filled 
grey dots 
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ՊՍՊ |ՊѶƓƕDUTILLEUL ET AL.
|o7;|ob= |_;bu0o7b;vķru;;m| bm|;um-Ѵb-|bomo= |_;roѴѴ|-m|-m7
u;71; bm|;um-Ѵ roѴѴ|-m| 1om1;m|u-|bomv Ő;7;v ;|-Ѵĺķ ƑƏƏѵĸ "b0Ѵ
ş-ѴoķƐƖѶƖőĺou;-lrѴ;ķu-mblv;;u;Ѵ-==;1|v|_;bm|;v|bm-Ѵ
;rb|_;Ѵbl bm |_; ;-u|_oulķ Eisenia fetida Őbo-m;||b ;|-Ѵĺķ ƑƏƐƏő
and seems to decrease energy assimilation in C. elegans Őovv;m
;|-ѴĺķƑƏƐƔőĺ$_;ru;v;m1;o=u-mbl bm |_;;mbuoml;m| bm1u;-v;v
|_;;ru;vvbomo=l;|-ѴѴo|_bom;bmŊƐ Ől|ѴŊƐőķ_b1_ bm|;u=;u;vb|_&
-11lѴ-|bombm1;ѴѴvķruo0-0Ѵ0v;t;v|;ubm]-m7u;lobm]u-mbl
=uol|_;1;ѴѴvŐb-m];|-ѴĺķƑƏƏƖőĺ&u-mblv;;lv|o0;-vvo1b-|;7b|_
a rapid life cycle that helps reduce the period of contact with the polŊ
Ѵ|-m|ĺo;;uķ=ou0o|_roѴѴ|-m|vķ|_;u;-ѴѴo1-|bomo=;m;u]bvr;uŊ
=oul;7-||_;;r;mv;o=o|_;u|u-b|vou=b|m;vvbmo|_;u;mbuoml;m|v
Őo==l-mmş-uvomvķƐƖƖƐĸ!;mb1h;|-ѴĺķƑƏƏƏőĺ
omv;t;m|Ѵķv-Ѵ|Ŋ-7-r|;7rorѴ-|bomvv;;l;7|o_-;;oѴ;7
|o-u7v vѴo;u Ѵb=; _bv|ou v|u-|;]b;vķ _;u;-v u-mbl -m7 -Ѵ|;uŊ
m-|bm]&ņ-Ѵ rorѴ-|bomv v;;l;7 |o _-; ;oѴ;7 |o-u7v =-v|;u
Ѵb=;_bv|oub;vĺoѴѴ|-m|vl- |_v_-;v|uom]1omv;t;m1;vom |_;
evolution of populations along the fastslow life history continuum 
ŐuolbvѴo ş -u;ķ ƐƖƖƏĸ "|;-umvķ ƐƖѶƒőb|_ ro|;m|b-ѴѴ v|uom]
implications for their dynamics. Such opposite selection pressures 
0;|;;m-Ѵ -m7&l- Ѵ;-7 |ol-Ѵ-7-r|-|bom |o |_;o|_;u ;mbŊ
ronment. Maladaptation is suggested by the lower total fertility of 
-ѴrorѴ-|bomvbmu-mbl-m7o=&rorѴ-|bomvbm-ѴŐb]u;ƒ-őĺ
Ѵ|;um-|bm]rorѴ-|bomvķ_o;;uķ7omo|v;;l|ov_ov1_l-Ѵ-7-rŊ
|b;o|1ol;vķ_b1_bm7b1-|;v|_-|;oѴbm]bm-lou;_;|;uo];m;ov
environment may help populations dealing with future environmental 
changes. It should also be noted that all the life history traits that we 
l;-vu;7;u;r_;mo|rb1-ѴѴ1ouu;Ѵ-|;7b|_;-1_o|_;uĺ_;mo|rb1
bm|;]u-|bomŐbĺ;ĺķ=m1|bom-ѴѴu;Ѵ-|;7|u-b|v-u;1ouu;Ѵ-|;7ő0;|;;m|_;
v|7b;7|u-b|v Őb]Ѵb11bşu;v|omķƑƏƏƓől- Ѵ;-7|o1o;oѴ|bomo=
the traits associated to a particular life history strategy.
ƓĺƑՊ|Պov|v-m70;m;=b|vo=-7-r|-|bom
=|;uƑƑ];m;u-|bomvo= v|;-7;rovu;ķ-ѴrorѴ-|bomvv_o;7
Ѵo;u=;u|bѴb|ķl-Ѵ;]uo|_-m70o70;m7bm|_;u-mbl|_-m&ou
rorѴ-|bomvŐb]u;ƒőĺ$_;v;u;vѴ|vbm7b1-|;|_-|;oѴ|bom|ov-Ѵ|
0;-uv - =b|m;vv 1ov| bm |;ulvo= |oѴ;u-m1; |ou-mblĺu|_;ulou;ķ
_;m |_;;u; u;|um;7 |o |_; 1om|uoѴ ;mbuoml;m|ķ&ķ-Ѵ -m7
&ņ-ѴrorѴ-|bomvv_o;7 Ѵo;u=;u|bѴb| |_-m|_;1om|uoѴrorѴ-Ŋ
|bomvŐb]u;Ƒőķ bm7b1-|bm]-7-r|-|bom1ov|vbm1uu;70|_;-7-r|b;
;oѴ|bombm-roѴѴ|;7;mbuoml;m|ĺu;bovv|7b;v_-;-Ѵvov_om
adaptation costs associated with evolution in response to pollutants 
Ő-mv;mķ"|ohvķ;|-ѴĺķƑƏƐƐĸbu;fb;|-ѴĺķƑƏƐƏĸ"_buѴ;ş"b0ѴķƐƖƖƖĸ
)-u7ş!o0bmvomķƑƏƏƔĸ*b;şѴ;uhvķƑƏƏƒ0|v;;ov|-;|-Ѵĺķ
ƑƏƏƏĸ!;mb1h ;|-Ѵĺķ ƑƏƏƏĸ1-u| ;|-Ѵĺķ ƑƏƏƔĸ or;v ;|-Ѵĺķ ƑƏƏѶőĺ
Such costs limit the ability of polluted populations to deal with their 
new environmental conditions once the environment is depolluted. 
;]-|b;1uovvŊ;mbuoml;m|];m;|b1 1ouu;Ѵ-|bomv1-v;70-m|-]oŊ
nistic pleiotropic effects are assumed to be at the origin of adaptaŊ
|bom1ov|vŐ-Ѵ1om;uş-1h-ķƐƖƖѵĸuķƐƖƖƒőĺm-ru;bovv|7
o= ľbvo];mb1Ŀ Ѵbm;vo=C. elegansķ;7b7mo| =bm7-mm;]-|b;1uovvŊ
;mbuoml;m|];m;|b11ouu;Ѵ-|bomv=ou|_;|u-b|vm7;uv|7Ő	|bѴѴ;Ѵķ
ovv;mķomolķ-Ѵ-vķş!࣐-Ѵ;ķƑƏƐƔőĺm-v|u;vv=Ѵ;mbuoml;m|ķ
_o;;uķ|_;;ru;vvbomo=];m;v]o;umbm]t-m|b|-|b;|u-b|v1-m0;
l-vh;70|_;-1|bomo=];m;vbmoѴ;7bm7;|ob=b1-|bomŐo==l-mmş
-uvomvķƐƖƖƐőĺm7;;7ķC. elegans|oѴ;u-m1;|ov;;u-Ѵ_;-l;|-Ѵvķ
bm1Ѵ7bm]u-mblķbvu;Ѵ-|;7|oom;ou-=;l-fou];m;vŐv1_m;uş
-u|bm;ŊbmѴ;ķƑƏƐƐőĺ$_;v;];m;vb|_l-fou;==;1|vl-l-vh|_;
;ru;vvbomo=];m;v=out-m|b|-|b;|u-b|vķv1_-vѴb=;_bv|ou|u-b|vĺ
om;|_;Ѵ;vvķ v;Ѵ;1|boml- v|bѴѴ -1| om |_;v; |u-b|vĺ 7-r|-|bomv |o
roѴѴ|-m|vbm1Ѵ7;-u;71|bombmroѴѴ|-m|-vvblbѴ-|bomŐ*b;şѴ;uhvķ
ƑƏƏƒőķ bm1u;-v;7roѴѴ|-m| ;1u;|bom Ő-]-࣏u;ķ $;uu-bѴķşomolķ
ƑƏƏƖĸov|_l-ş(-m"|u--Ѵ;mķƐƖƖƒő -m7roѴѴ|bom v;t;v|u-|bom
Ő;ĺ]ĺķl;|-ѴѴo|_bom;bm vm|_;vbvĸbѴѴbvķ	b;m;uķ!;moѴ7vomķş	bomķ
ƑƏƏƑĸb-m];|-ѴĺķƑƏƏƖĸ"_buѴ;ş"b0ѴķƐƖƖƖőĺ$_;v;l;1_-mbvlv-u;
assumed to be nonplastic and cannot be shut down if the environŊ
l;m|0;1ol;vmroѴѴ|;7-]-bmŐou]-m;|-ѴĺķƑƏƏƕőĺm|_;-0v;m1;
o=|_-|roѴѴ|-m|ķ|_;v;l;1_-mbvlv-u;;m;u];|b1-ѴѴ1ov|Ѵ|ol-bmŊ
|-bm-m7ķ|_vķ0;1ol;7bv-7-m|-];ovĺ
Changes in life history traits observed in response to pollutants 
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suggest that this is what has happened in the uranium environment.
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diversity over the short term at a faster rate than mutations can genŊ
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negligible random divergence among replicates for the studied traits. 
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be partly responsible for the adaptation costs observed in our study. 
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try must correspond to the different pleiotropic effects associated 
with changes in response to different novel environmental conditions 
Ő-vlbmş-vv;mķƑƏƏƕĸ!ov;;|-ѴĺķƑƏƏƔĸ$u-bv-moş;mvhbķƐƖƖѵőĺ
bm-ѴѴķ|_;-7-r|-|bom1ov|vb7;m|b=b;7bm|_bvv|7;u;mo|vvŊ
|;l-|b1Ĺvol;|u-b|v7b7mo|v_o-m-7-r|bom1ov|vŐ;ĺ]ĺķ&rorѴ-Ŋ
|bomvbmb]u;ƒ-őou;;mv_o;7_b]_;u-Ѵ;vbm-mo|_;uroѴѴ|;7
;mbuoml;m| Ő;ĺ]ĺķ&rorѴ-|bomv bmb]u;ƒ0ķ1ķ =őĺ$_;v;u;vѴ|v bmŊ
7b1-|;ro|;m|b-Ѵ1uovvŊu;vbv|-m1;|o|_;7b==;u;m|roѴѴ|-m|vķ-m7|_-|
adaptation to one particular environment leads to selective benefits 
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ants. This could be possible when there is a single major gene or a few 
genes with effects specific to a class of pollutants or even to more 
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that are associated with the adaptation to each pollutant would help 
us predict when populations may be able to adapt to a series of differŊ
ent pollutants and in which combination of pollutants adaptive costs 
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evolution of generalism
It is recognized that fluctuating or changing environments promote 
generalist genotypes and that constant environments promote speŊ
1b-Ѵbv| ];mo|r;v Őoor;u ş ;mvhbķ ƑƏƏƏĸ !;0o7 ş ;ѴѴķ ƐƖƖƕĸ
$um;uşѴ;m-ķƑƏƏƏőĺm0o|_|u-mvrѴ-m|&-m7-Ѵ;mbuoml;m|vķ
&ņ-ѴrorѴ-|bomvv_o;7vblbѴ-uou0;||;u;-uѴ-m7|o|-Ѵ=;u|bѴb|
|_-m0o|_&-m7-ѴrorѴ-|bomvŐb]u;ƒőĺuu;vѴ|v|_v1om=bul
the hypothesis that alternating or changing environmental conditions 
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posed to a single pollutant. Similar results have been found in other 
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two different hosts were as well adapted to each host as populations 
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shown enhanced fitness in a novel polluted environment for Drosophila 
melanogaster populations adapted to two alternating stressors comŊ
pared to populations adapted to only one of them. These results could 
change the classical vision that adaptation to several stressors deŊ
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evolution studies should thus mimic more precisely the temporally 
and spatially heterogeneous environments found in natural conditions 
to provide a better understanding of the adaptive potential of populaŊ
tions to pollutants.
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populations subjected to sources of pollution has recently become a 
major research area because we need to improve ecological risk asŊ
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tween adaptation to a particular stressor and the capacity of a populaŊ
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will not be able to cope with a return to original conditions once the 
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the interaction of anthropogenic stressors with other selection presŊ
sures may have rapid and severe consequences on natural populations.
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a challenge to anticipate the evolutionary consequences of chemicals 
produced by industry or anthropogenic stressors as they may drive 
the populations in totally different directions and increase their risk 
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model species to a variety of pollutants that have known effects on 
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of the evolutionary endpoints in environmental risk assessment of 
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